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This f i n a l  report, summasSzes the work car r ied  out f o r  NASA, Houston, 
on the fabr ica t ion  of f l i g h t  qual i f ied gas chromatography de tec tors  under 
contract  NAS 9-2518. I n  the  development of the gas chromatography system, 
innovations were made i n  column and de tec tor  technology, sample in jec t ion  
techniques, and basic electronics .  The systems as delivered po ten t i a l ly  
can separate and de tec t  approximately 75 compounds a t  detect ion s e n s i t i r i t y  
levels approaching a few pa r t s  per  mill ion.  The gas chromatography 
de tec tor  is  completely automated and w i l l  f m c t i o n  on a r epe t i t i ve  analy- 
t i c a l  cycle without a t t en t ion  for  a minimum of 15 days, 
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1. IN! IMDUCT IO M 
The Spaceborne Gas Chromatograph has been designed t o  analyze a wide 
variety of gases and vapors a t  concentrations down t o  t h e  part-per-million 
level, This instrument is shown i n  f i gu re  1. A t i tanium sphere f o r  helium 
carrier gas s torage  and a 2-stage pressure regula tor  are mounted a t  the 
rear of the instrument, 
supporting framework, 
panel  i s  connected t o  space vacuum so t h a t  spent helium c a r r i e r  gas and 
sample may be evacuated, The "From Suit" and "From Cabin" po r t s  are the 
sources of t he  two samples f o r  th i s  instrument, The "To Suitf1 port  i s  used 
t o  c i r cu la t e  one sample while the other i s  being analyzed. 
used f o r  preheat and operation of the instrument. 
valve is  used t o  analyze either cabin o r  suit atmospheres, I n  t he  ttAuto" 
posit ion,  the  cabin and s u i t  samples are sequent ia l ly  selected.  The helium 
f i l l  port  is  u t i l i z e d  t o  load the helium sphere with 6000 ps ig  helium p r i o r  
t o  f l i g h t .  
The e lectr ical  connector a t  the lower l e f t  is  u t i l i z e d  f o r  incoming power, 
two telemetry output channels, and an oxygen readout meter, 
The bulk of t h e  components are mounted within the 
A space exhaust port a t  the lower r i g h t  of t h e  f r o n t  
The switch is  
The sample se l ec to r  
A ca l ib ra t ion  but ton i s  provided t o  check proper operation. 
T h i s  gas chromatographic instrument bas i ca l ly  cons is t s  of a program- 
m e r ,  sample se l ec to r  valve, in jec t ion  valve, column se lec tor  valves, th ree  
pa r t i t i on ing  columns, three cross-section ion iza t ion  de tec tors  and an 
amplif ier  assembly. The programmer controls  t h e  valve operations and 
sequent ia l ly  selects the appropriate de tec tor  The sample se lec tor  valve 
allows e i t h e r  cabin o r  s u i t  sample t o  c i r cu la t e  through the in j ec t ion  
6 
2006-6909 
Figure 1. Side View of Apollo Gas Chromatography Analyzer System 
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valve. 
system a t  periodic in te rva ls .  
vent t h e  flow of helium and sample through two of the three columns when 
they are not  i n  use. 
The in j ec t ion  valvc in jec ts  a known volume of sample i n t o  the column 
The colwnn s e l e c t o r  valves are used t o  pre- 
The columns cons is t  of: (1) Molecular sieve f o r  permanent gas 
separation; (2) Garbwax-Amine coated Teflon f o r  t h e  separat ion of 
NH3, C02, H 0, alcohols, and certain o the r  organic compounds; ( 3 )  Carbowax- 
coated chromosorb f o r  separating the bulk of t h e  probable organic compounds. 
The cross-section de tec tor  housing includes three chambers, one f o r  each of 
t h e  columns. 
at the zero level, except when a compound is  eluted,  and provides automatic 
a t tenuat ion of compound peaks present i n  concentrations g rea t e r  than 50 t o  
2 
The amplifier assembly automatically maintains t h e  baseline 
mo Ppm. 
This instrument, like other  gas chromatographic instruments, relies on 
the  e lu t ion  times of sample peaks f o r  t h e i r  qua l i t a t ive  ident i f ica t ion .  
The certainty of cor rec t  i den t i f i ca t ion  i s  greatly enhanced through the 
use of  two d i f f e ren t  liquid-phase parti t!ming columns which provide mark- 
ed ly  d i f f e ren t  e lu t ion  times. 
analyzing samples containing as much as 100% oqygen and as l i t t l e  as a few 
ppm of organic contaminants, thus providing a very large dynamic range. 
Furthermore, every e f f o r t  has beenmade t o  provide completely automatic, 
reliable operation under the stresses encountered by space f l i g h t  ins t ru-  
ments. 
is shown i n  table 1. 
This instrument i s  capable of ouant i ta t ive ly  
The delivery status of the six u n i t s  constructed under t h i s  cont rac t  
8 
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1-21-65 
t o  NASA, 
Houston 
4-18-66 t o  
NASA, 
Houston 
TABLE 1 
Ret'd by NAA on 1-5-66 
for Repair. A t  Melpar 
f o r  NAS 9 -4867 
Development of Operat ion: 
P lan  
Delivered after comple- 
t i o n  of environmental 
t e s t i n g  
DELIVERY STATUS-GCAS 
1-11-66 t o  
NAA 
6-2-65 t o  
NASA, Houston 
7-2-65 t o  
NASA, Houston 
3-a-66 t o  
U n i t  NO. 
Loaned t o  NAA i n  l i e u  of 
re turn  of S/N 1. Envi- 
ronmental tests complete, 
Ret'd t o  Melpar 6-28-65 
Ret'd t o  Melpar 2-1-66 
f o r  r e t r o f i t  
S/N 1 
Prototype Model 
9-16-65 t o  
NASA, Houston 
NASA, Houston 
11-2-65 t o  
1-28-66 t o  
NASA, Houston 
S/N 2 
Model 
Qualification Test 
Ret'd t o  Melpar 10-26065 
S/N 3 
Model 
Qualification Test 
S/N 4 
Fl ight  Model 
S/N 5 
Fl ight  Model 
S/N 6 
Fl ight  Model 
Delivered 1 Remarks 
- NASA, NAA 
2. COLUTNS AND DETECTORS 
The f i r s t  column was designed t o  separate the permanent gases. 
8-foot column packed with 90/100 mesh molecular sieve S A  was found t o  be 
sui table  f o r  t h i s  purpose. 
helium flow of 1 2  ml/min f o r  6 hours before use. 
permanent gases on a molecular sieve column i s  highly dependent on the  
quant i ty  of adsorbed water, various methods of preventing water adsorp- 
t i o n  were tested. 
found t o  be by the use of a shor t  tube containing magnesium perchlorate 
granules. It was found t h a t  a 2.s-inch length of 0,093 inch I.D. tube 
f i l l e d  with magnesium perchlorate granules was capable of adsorbing up 
t o  20 mg water. 
water a f t e r  a month of continuous operations. 
An 
This column was conditioned a t  17S°C wi th  a 
Since the  re ten t ion  of 
The most sa t i s fac tory  method of trapping moisture was 
This i s  grea te r  than the expected quant i ty  of in jec ted  
The second column was designed t o  separate carbon dioxide, ammonia, 
and water a s  w e l l  a s  many of the possible t r ace  contaminants. 
these major components a re  highly adsorbent. Consequently, i t  was 
decided t o  u t i l i z e  Teflon so l id  support material  in order t o  minimize 
adsorption problems. In our laboratories,  the most e f f i c i e n t  and repro- 
ducible columns were prepared when Teflon 6 was sieved t o  LO/@ mesh 
A l l  of 
s i z e  
This 
and coated by the usual l iqu id  phase-solvent evaporation technique. 
i s  e s sen t i a l ly  the same technique used by Kirkland . 
The choice of l i q u i d  phases f o r  the second column was governed by 
1 
t h e  need t o  separate carbon dioxide from a i r .  A l a rge  va r i e ty  of l i qu id  
1. Messner, A.E., Rosie, D.M., and Argabright, P.A., Anal. Chem. -9 31 
230-2329 (1959) 0 
10 
I 
I 
I 
phases having a high degree of basici ty  were tes ted f o r  this purpose. 
One of the major problems encountered was excessive t a i l i n g  of the car- 
bon dioxide peak. This problem was aggravated e i t h e r  by increasing the 
column bas ic i ty  o r  decreasing the column polarity.  
phase chosen was a mixture of 60 parts  Amine 220 with 40 par t s  Carbowax 
600. 
w h i l e  s t i l l  maintaining adequate separation. 
coated on Teflon 6 (10% w/w> and the  resu l t ing  packing was f i l l e d  i n t o  a 
1 2 - f t  column, 
helium flow r a t e  of 1 2  ml/min. 
The f i n a l  l iqu id  
This combination allowed symmetrical e lu t ion  of carbon dioxide 
The l iqu id  phase was 
This column was conditioned a t  100°C for  8 hours with a 
The t h i r d  column was designed t o  separate high- and medium-volatil- 
Carbowax 20M was chosen a s  the l i qu id  phase f o r  
Since 
i t y  t race contaminants. 
t h i s  column because of i t s  high degree of s t a b i l i t y  and polarity.  
this l iqu id  phase i s  considerably more polar  than the l iqu id  phase used 
f o r  column 2, the re tent ion charac te r i s t ics  of t h i s  column were consid- 
erably different.  
unknown t race contaminants. 
\’ 
This i s  expected t o  simplify the ident i f icat ion of 
It was desired t o  use chromosorb a s  the so l id  support f o r  t h i s  
column because of i t s  high degree of efficiency. 
of chromosorb i s  i t s  tendency t o  adsorb highly polar compounds. 
quently, a br ie f  study was made t o  determine the r e l a t ive  adsorption 
properties of various types of chromosorb, Chromosorbs W, P, and G were 
coated with Carbowax 20W (10% w/w), placed i n  1 2 - f t  by 0.062-inch I.D. 
columns and conditioned a t  l s O ° C  for  6 hours with a 1s ml/& helium 
flow, These columns were then tested with propanol t o  determine the 
The major disadvantage 
Conse- 
11 
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re ten t ion  cha rac t e r i s t i c s  and efficiency. 
with a cross-section ionizat ion detection and syringe in jec t ions .  
A l l  tests were made a t  150% 
The 
r e s u l t s  of these tests are  shown i n  table  2. 
TABLE 2 
COMPARISON OF CHROMOSORB W, P, AND G 
Mesh s ize  
Chemical treatment 
i 
Flow r a t e  
Retention time propanol 
Eff ic iency of propanol 
( theo re t i ca l  p l a t e s )  
Chromosorb W 
90 - 100 
Acid base 
washed, HDMS 
t r ea t ed  
13.1 ml/min 
7 04 
1350 
Chromosorb P 
100 - 120 
9.1 ml/min 
12.6 
1600 
Chromosorb G 
80 - 100 
Acid washed, 
DMCS t r ea t ed  
1 2  m l / m i n  
26.8 
2000 
These r e s u l t s  ind ica te  tha t  chromosorb G exh ib i t s  greater  re ten t ion  than 
chromosorb P, whereas chromosorb W has the l e a s t  retention. 
a l s o  d i f f e r s  i n  the same order w i t h  chromosorb G being the  most e f f i c i e n t  
so l id  support. 
super ior i ty  of any so l id  support, since e f f ic iency  i s  merely being traded 
f o r  speed. This same trend could have been obtained simply by using 
d i f f e r e n t  column lengths f o r  any of these so l id  supports. 
Eff ic iency 
The r e s u l t s  shown i n  tab le  2 do not ind ica te  a c l e a r  
The adsorption propert ies  of these so l id  supports were t e s t ed  by 
i n j e c t i n g  d i f f e ren t  quant i t ies  of a 1% solut ion of methanol i n  propanol 
i n t o  each of these three  columns. Peak heights obtained from a conven- 
t i o n a l  cross-section ionizat ion detector  were measured. These r e s u l t s  
12 
I 
are  shown i n  f igu re  2. The absolute response values a re  unimportant i n  
t h i s  case, since the f l o w  r a t e s  and peak widths were s l i g h t l y  d i f f e r e n t  
f o r  each column. The points  a t  which the response curves i n t e r s e c t  the 
zero response l i n e  a r e  of i n t e r e s t ,  however, s ince t h i s  i s  a measure of 
the r e l a t i v e  adsorption capacity of each column. 
column, methanol concentrations of 2 x 
With the chromosorb W 
m l  could not  be detected. 
The chromosorb P column exhibited l e s s  adsorption than chromosorb W, 
but it i s  apparent t h a t  less than 1 x loe5 m l  methanol would be very 
d i f f i c u l t  t o  detect .  The chromosorb G response curve in te rsec ted  the  
zero axis. This ind ica tes  t h a t  chromosorb G exhibited l i t t l e  or  no 
methanol adsorption a t  the concentration l eve l s  tested.  Later  inves t i -  
gations showed t h a t  adsorption of methanol by chromosorb G columns did 
not  become excessive unless quant i t ies  below 1 x were injected.  
The column used i n  a l l  f u r t h e r  work consisted of a 1S-ft tube packed 
with 10% w/w Carbowax 20M on chromosorb G. 
The most important detector  requirements f o r  this appl icat ion a r e  
wide dynamic range and high r e l i a b i l i t y .  
include thermal conductivity,’ quench, * helium ionization, 
sect ion ion iza t ion   detector^.^ 
Sui table  de tec tors  would 
and cross- 
Thermal conductivity de tec tors  were 
considered t o  be too  f r a g i l e  and temperature sens i t ive  f o r  the r igo r s  
1. See footnote,  page 10. 
2. 
3. 
4. Pompeo, D.J. and J.W. Otvos, U.S. Patent 2,741,710 (1953) .  
Loxrelock, J.E., Anal. Chem., 33, 162-178, (1961). 
Berry, R., Nature, 188, 578 (1960). 
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of space f l i g h t .  
sens i t ive  but require extremely w e l l  regulated power suppl ies  and a re  
Quench and helium ionizat ion de tec tors  a r e  extremely 
susceptible t o  a g rea t  many environmental conditions. 
ence has indicated t h a t  the cross-section ionizat ion de tec tor  i s  
Previous experi- 
extremely rugged and rel iable .  Although it i s  l e s s  s ens i t i ve  than other  
detectors ,  s e n s i t i v i t y  i s  believed t o  be adequate f o r  t h i s  application. 
The cross-section ionizat ion detector  has been extensively inves t i -  
gated by Lovelock e t  ala5 It i s  bas ica l ly  a p a r a l l e l  p l a t e  diode whose 
ion iza t ion  energy usually i s  supplied by tritium f o i l .  When helium i s  
used a s  the  c a r r i e r  gas, all compounds produce an increase i n  current. 
The construction of the detector  used i n  this study i s  shown i n  f igu re  
3. I n  f igure  3 a l l  three detector  chambers a re  enclosed i n  the  same 
case, thus leading t o  a considerable saving i n  space and weight. Pre- 
l iminary invest igat ions supported Lovelock’ s5 conclusion t h a t  sens i t iv -  
i t y  i s  increased a s  the de tec tor  volume i s  decreased, 
Fxtremely small de tec tor  volumes, however, were found t o  be unde- 
s i r a b l e  f o r  t h i s  pa r t i cu la r  appl icat ion because of a number of reasons. 
Very small detec tors  produce less output current  than l a r g e r  de tec tors  
therefore  requiring higher impedance amplifiers,  Very high impedance 
ampl i f ie rs  compatible with space-fl ights requirements a re  d i f f i c u l t  t o  
obtain. 
Very s m a l l  detectors  tend t o  reach t h e i r  maximum current  output a t  
This requires smaller sample in j ec t ions  smaller sample concentrations. 
5. Lovelock, J.E., Shoemake, G.R., and Zlatkis,  A . ,  Anal. Chem., 35, 
460 (1963). 
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i f  large sample concentrations a l s o  must be monitored. 
sample i n j ec t ion  now tends t o  magnify t h e  e f f e c t  of column adsorption 
and column bleeding. Thus, the  ac tua l  detector  chamber dimensions shown 
i n  figure 3 represent a compromise between the good s e n s i t i v i t y  of sma l l  
chambers and the  la rge  sample capacity of l a rge  chambers. 
chamber, which de tec t s  t he  permanent gases, must handle concentrations 
up t o  100%. 
bers. 
handle up t o  10% carbon dioxide. 
volume. Chamber 3 need de tec t  only the t race  contaminants. Consequently, 
t h i s  chamber was made a s  small a s  feasible.  
The smaller 
The f i r s t  
Consequently, it i s  necessar i ly  l a rge r  than the other  cham- 
Chamber 2, which de tec ts  components e luted by column 2, must 
It, therefore,  has an intermediate 
1 7  
I 
3 .  MECHANICAL coMpoNEtms 
3.1 Overall Gas System Layout 
A schematic diagram of the  gas system assembly i s  shown i n  figure L, 
and a gas manifold diagram is  shown i n  f igu re  5. 
source l i n e s  (upper r i g h t  corner of figure L) i s  supplied with a f i l t e r  t o  
remove par t icu la te  matter. The "From Cabin" l i n e  contains an emergency 
shutoff valve (&SV4), which i s  closed by the  pressure-sensing switch when- 
ever the cabin pressure fa l l s  below 2.0 psia. 
prevent s u i t  decompression i n  the  event t h a t  cabin pressure was l o s t ,  
sample se lec tor  valve (lSV1) allows e i t h e r  the  s u i t  o r  cabin sample t o  flow 
i n t o  the in j ec t ion  valve system. 
needle valve t o  t he  "To Suit" port. The sample t o  be analyzed flows through 
a f i l t e r  and a check valve t o  the in jec t ion  valve. 
valve positions, t h i s  sample w i l l  flow through one of the  1-ml sample 
loops or the  0.2-ml sample loop t o  the metering device assembly. The 
sample is  then  allowed t o  flow out the space exhaust port. 
Each of the  two sample 
This valve w a s  necessary t o  
The 
The other  sample i s  circulated through a 
Depending upon t h e  
The helium f i l l  port  (upper r i g h t  corner of figure 4) i s  used i n  
f i l l i n g  t h e  helium storage b o t t l e  t o  6000 psig. 
t o  vent t h e  contents of the storage b o t t l e  if the  pressure exceeds 7000 psig. 
An e l e c t r i c a l l y  actuated squib i s  a l s o  provided s o  t h a t  t h i s  b o t t l e  may be 
emptied p r io r  t o  reentry. 
pressure regulator  so t h a t  t h i s  bo t t le  may be f i l l e d  well i n  advance of 
l i f t -off .  The 2-stage pressure regulator is referenced t o  space vacuum 
and contains pressure relief valves t o  prevent accidental  pressure buildup 
from rupturing any gas l ines .  
A rupture d i s c  i s  provided 
A manual shutoff valve i s  provided i n  the 
This valve has been  adjusted t o  de l ive r  a 
18 
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I 
constant 57 ps i a  helium pressure t o  the system. 
the in j ec t ion  valve assembly and through a check valve t o  the  column s e l e c t o r  
valves (&SVl, A4SV2, and A45V3). 
that helium will flow through only one column a t  a time, 
preceded by a metering device assembly t o  cont ro l  the flow rate of 12  ml/min, 
The helium flows through 
In most cases, only one valve i s  open s o  
Each column i s  
Each column is  connected t o  a separate de tec tor  chamber. 
followed by individual. needle valves which maintain the de tec tor  pressure 
The de tec tors  are 
a t  l4.7 ps ia  when the system is i n  operation, 
ed by helium shutoff valves (A.#SVl, AsSV2, and &SV?),  
The needle valves are follow- 
These valves always 
are i n  the  same posi t ion as the corresponding column se lec tor  valves 
(&sv1, AhSV2, and &SV3) so t h a t  any column-detector assembly i s  e i t h e r  
open at both ends o r  closed a t  both ends, An emergency shutoff valve 
(62374) is used between t h e  rear of the system and the space exhaust port  
t o  prevent de te r iora t ion  of the system by t h e  space vacuum when the system 
i s  turned off .  
3,2 Valve Functions 
The valve sequence i s  shown i n  figure 60 A t  LOT seconds after t h e  
instrument i s  turned on i n j e c t i c n  valve A3SV3 i s  crossed, cabin shutoff 
valve 
o u t l e t  valves f o r  column 1 (&Sv1 and ASSRl) are opened, 
i s  opened, exhaust valve AsSVh is  opened, and both i n l e t  and 
I n l e t  and o u t l e t  
valves f o r  column 3 would normally be open a t  t h i s  time, and in j ec t ion  
valves a S v 1  and A3SV2 would normally be i n  t h e  s t r a i g h t  position. The 
sample se l ec to r  valve lSVl would be i n  the same pos i t ion  as it was l e f t  
when turned off, Under these conditions, t h e  atmosphere sample i s  free t o  
circulate through the 0.241 sample loop and out the space exhaust port. 
21. 
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TIMING 
GAS SYSTEM FUNCTIONS 
FER COMPLETE CYCLE) 
FUNCTION 
1 
PURGE COL 1 
2 
LOAD 0.2 CC LOOP 
3 
4 
- 
5 
INJECT 0.2 CC SAMPLE 
COLUMN 1 & 
LOAD 1 CC LOOP 
6 
SHUT-OFF COL. 3 
7 
INJECT 1 CC SAMPLE 
COL. 1 
8 
PURGE COL. 2 
9 
INJECT 1 CC SAMPLE 
COL. 2 
10 
PURGE COL. 3 
11 
INJECT 1.0 CC SAMPLE 
COL. 3 
12 
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NOTES 
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2 THIS VALVE POSITION I S  Ct 
AND I S  NEVER CHANGED B\ 
%% 0 
TOP COL. MANIFOLD VALVES BOTTOM COL. MANIFOLD VALVES 
I 1A3A2A4 
~.
lA3AZA5 . 
‘R POSITION UPON POWER APPLICATION AT FUNCTION NO. 1. 
YGED AT FUNCTION NO. 12 BY THE PROGRAMMER CONTROL 
CTUATION OF THE “SUIT-AUTO-CABIN” SWITCH. 
I 
The helium w i l l  flow through sample loop A, through both columns 1 and 3, 
and out the space exhaust port. 
f o r  column 3 (&SV3 and A5SV3) are closed, and in j ec t ion  valves A3m and 
A3SV2 are placed i n  the  cross  position. 
through sample loop A. The 0.2-ml sample, which had been col lected i n  the 
small sample loop, i s  forced out by the helium flow through column 1. T h e  
oxygen meter c i r c u i t r y  i s  u t i l i z e d  t o  quant i ta t ive ly  determine the oxygen 
peak e lu ted  between 4.375 and 7.5 minutes. 
A t  4.375 minutes the i n l e t  and o u t l e t  valves 
The sample w i l l  now c i r cu la t e  
A t  7.5 minutes, i n j ec t ion  valves USVl and MSV2 are placed i n  the 
s t r a i g h t  posi t ion so that the contents of sample loop A are  injected i n t o  
column 1. 
posi t ion t o  allow the sample t o  flow through sample loop B. 
of any permanent gases are sensed by detector  1 between the 7.5- and 
l.4.375-minute period. 
are opened at 10.8 minutes t o  provide preliminary purging of column 2 
before i t s  use. 
A t  t h e  s a e  time, in jec t ion  valve USV3 i s  placed i n  the  s t r a igh t  
The e lu t ion  
Column 2 i n l e t  and ou t l e t  valves AhSV2 and AsSV2 
A t  l.4.375, column 1 i n l e t  and o u t l e t  valves are closed and in j ec t ion  
valves A3SVl a d  A3SV2 are placed i n  the cross position. 
sample loop B are then swept i n to  column 2, while the sample i s  free t o  
purge sample loop A. Column 3 i n l e t  and o u t l e t  valves are opened a t  45 
minutes t o  provide 4.375 minutes purge time p r io r  t o  use. 
The contents of 
A t  49,375 minutes, column 2 i n l e t  and o u t l e t  valves are closed, 
and i n j e c t i o n  valves MSVl and A32372 are placed i n  the s t r a i g h t  position, 
The contents of sample loop A are then swept i n t o  column 3, while the 
sample i s  free t o  purge sample loop B. A t  the  sample time, sample se lec tor  
All valves used i n  t h i s  instrument are machined with grea t  precis ion 
t o  very close tolerances. As might be expected with high precis ion par t s ,  
some d i f f i c u l t i e s  were experienced with ear l ier  vers ions of these valveso 
Difficulties were experienced with improper polar iza t ion  of the solenoid 
magnets, thus leading t o  imcomplete valve closures,  
these valves had t o  be selected f o r  uniformity. 
All O-rings used i n  
Some of the o r i g i n a l  clear- 
ance dimensions f o r  the  O-rings were modified so  t h a t  leakage past  them 
could not occur even where there was su f f i c i en t  sl ippage f o r  t he  spindles  
t o  operate properly, 
earl ier valves was t h e i r  tendency t o  have a s l i g h t  leak  between sample loops. 
Perhaps the  grea tes t  d i f f i c u l t y  experienced w i t h  
This was remedied by ca re fu l  adjustment of t h e  spindle movement, and by 
nrunning-inn of the  valves a t  lSO°F. 
3.3 . 2 F i l t e r s  
F i l t e r s  w e r e  used i n  the sample i n l e t s  of t h i s  system t o  prevent 
valve damage due t o  pa r t i cu la t e  matter i n  the samples. (See f i g u r e  S$ 
These filters a lso  serve t o  prevent the entrance of l i qu id  water drople t s  
i n t o  the system, After invest igat ion of several f i l t e r  materials, glass 
fiber material with a pore diameter of 5; microns was chosen f o r  t h i s  
application. 
0.1 inch  of water per m l / m i n  flow. 
This material offered a res i s tance  t o  flow of approximately 
The f i l ters were placed i n  a housing 
sealed by O-rings. 
3.3.3 Check Valves 
A check valve has been used a t  the head of the columns and a t  the 
head of t h e  in j ec t ion  valve as i l l u s t r a t e d  i n  f i g u r e  se The valve at  the 
head of t he  columns i s  used t o  prevent t he  high pressure (42 psig) helium 
c 
I -  
in the column assembly from backing up i n t o  the low-pressure sample (5  psia)  
at the time of inject ion.  Prevention of t h i s  phenomenon allows the  sample t o  
be compressed near the column s ide  of the sample loops, thus providing sharp- 
er  injections.  
used t o  prevent the 1.0 m l  of 42 psig helium released during in j ec t ion  from 
traveling towards the sample source. If t h i s  were t o  happen, good quantita- 
tive results could not be obtained on t h e  following i n j e c t i o n  because t h e  
sample would be di lu ted  with helium. 
spec ia l  f i t t i n g  w e r e  used f o r  t h i s  application. These valves were found 
t o  c lose  very rap id ly  and offered a n  impedance to  flow of only 1 inch of 
water per ml/min sample f l o w .  
3.3 .b Metering Device Assemblies 
The check valve a t  the head of t he  in j ec t ion  valves was 
Viton A duckbi l l  valves housed i n  a 
Tapered needle valves were incorporated i n t o  valve lSVl t o  cont ro l  
the flow of bypass sample and i n t o  valves A5SV1, GSV2, and ASST3 t o  
cont ro l  the  detector pressure. 
by adjust ing the needle valves t o  provide a l4.7 p s i  pressure drop between 
the de tec tors  and space vacuum. This pressure was chosen t o  provide 
optbum detector  and column operation and t o  provide a long l i f e t ime  
f o r  the tritium f o i l  within the detectors.  
The detectors  were operated a t  a-7 ps ia  
A l l  o ther  metering device assemblies consisted of a clamping 
assembly tha t  compressed the s ta in less  steel lead-in tubing u n t i l  the  
proper r e s t r i c t i o n  was obtained. 
f i g u r e  5,  provided excel lent  flow control t h a t  remained constant a f t e r  
long periods of use. 
Both tvpes of m t e r i n g  devices, shown i n  
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4. E L , E c ~ ~ c s  
Ini t ia l .  e f f o r t s  of the  program were spent i n  developing a complete 
bredboard system t o  determine the optimum design criteria f o r  the prototype 
system, 
able signal-to-noise r a t i o s  and detector sens i t iv i ty ,  and p r o g r m i n g  events 
were derived as a r e s u l t  of t h e  integrated breadboard system. 
board system functional diagram i s  shown in  figure 7, 
4.1 Arnplif iers 
I 
Information such as amplifier gain needed, consistent with reason- 
The bread- 
Although the  breadboard system employed two Philbrick P-2 amplifiers, 
it w a s  apparent t h a t  these amplifiers could not qualify f o r  fl ight-type 
systems. 
bpedance, a l l - s i l i con  t ransis tor ized amplifier, 
Therefore, considerable e f fo r t  w a s  devoted t o  developing a high- 
Coupled w i t h  t h e  amplifier problem w a s  the problem of sui tably switching 
detectors,  
The e f f o r t  t o  develop a P-2 amplifier using s i l i c o n  t r ans i s to r s  was eventu- 
a l l y  cancelled, The d i f f i c u l t i e s  in  achieving an amplifier su f f i c i en t ly  
mall and possessing good s tab i l i tywould  require more experimental time 
than t h i s  program would permit, 
( a )  bootstrapped f i e l d  e f f ec t  t rans is tor  amplifiers of un i ty  gain (f ig-  
ure 8) employing posi t ive and negative feedback t o  develop high input 
impedance of a standard low-input impedance operational amplifier (fig- 
ure  9 ) ;  (b) a chopper s tab i l ized  amplifier (figure 10); and (c) a para- 
metric amplifier employing a var ia t ion diode (figure 11). All of these 
schemes exhibi%ed excessive noise properties i n  the  band of i n t e r e s t  which 
extends from a small  f rac t ion  o f  a cycle t o  one cycle per second, 
Several schemes were t r i e d  i n  attempting to solve both problems, 
Some of the  input schemes t r i e d  were: 
I n  the 
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Figure 8. Schematic Diagram of a DC Coupled Bootstrapped Source Follower 
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Figure 9. Simplified Representation of Buffer-type Amplifier Circuitry 
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Figure 10. Chopped Stabilized Amplifier 
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Figure 11. Varactor Amplifier 
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final analysis, Phi lbr ick researchers developed an a l l - s i l i con  transistor 
amplifier having spec i f ica t ion  exceeding those of t h e  P-2 amplif ier  employed 
i n  the  breadboard uni t .  The amplifier was  modified to reduce i t s  s i z e  and 
weight and w a s  employed in all subsequent systems. Detector switching was 
bes t  solved by employing two latching-type relays.  
4.2 Zeroing System 
The development of a zeroing c i r c u i t  t o  cancel t he  s t a t i c  background 
current  of the  detector  was  completed f o r  the breadboard system, The i n i t i d l  
system employed an electromechanical zeroing servo which was unsa t i s fac tory  
from a r e l i a b i l i t y  point  of view, 
t o  perform t h e  zeroing function, 
A system shown in figure 1 2  was designed 
The c i r c u i t  performed i t s  intended function 
w e l l  bu t  had an undesirable e f f e c t  on t h e  Rc time constant, The zeroing 
system f i n a l l y  used w a s  a $stage counter and a digital-to-analog converter, 
This system is included i n  figure 13 and is  described i n  sect ion 4.4. 
4.3 Automatic Gain change 
Automatic gain changing was developed during the  breadboard phase of 
the program, The i n i t i a l  design employed diode quads t o  accomplish the 
gat ing and e f f ec t ive ly  switch i n  d i f f e ren t  feedback r e s i s t o r s  to change the 
amplif ier  gain. (Refer t o  figure 7,) The diodes i n  these quads required 
matching t o  within 1 m i l l i v o l t  t o  achieve s t a b l e  operation i n  t h e  amplifiers,  
The manufacturer of these diodes would only guarantee this match over a 
temperature range of 0.2O t o  150°F, The double emit ter  t r ans i s to r ,  espe- 
c i a l l y  designed and spec i f ied  f o r  chopper switch operation i s  i d e a l l y  su i t ed  
f o r  this application. Offset voltages considerable less than 1 m i l l i v o l t  
are obtainable even i n  an uncontrolled temperature environment. A grea t  
dea l  of  c i r c u i t r y  was eliminated as a result of using the  double emitter 
32 
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Figure 12. Baseline Zeroing Circuit 
33 
1 
'.' ::a 
. _  
y . .i 
I 
I r--------- 
Y Y 
7 
I 
I I 'd 
i 
5 5  u *. 
k 
.. 
/ 
/ 
5 
t 
L 
E- 

- ------- 
I 
I 
I 
I 
I 
1 -  
t 
L 
1 
, v  
0 
w-7 
1 : i' 
- '  2 
a 
Figure 13. System Logic Diagram 
4.4 System h g i c  
A l og ic  diagram showing the overal l  function of SLl the  e lec t ronic  
c i r c u i t s  i n  f ina l i zed  form is shuwn i n  figure 13. A l l  o f  the e lec t ronics  
a re  packaged on three mother boards, The c i r c u i t s  were divided and U o -  
cated t o  some 1 2  d i f f e ren t  types of modules. The modules were constructed 
i n  cordwood fashion and welded. The t o t a l  number of cordwood modules used 
w a s  6. 
The O2 and Amplifier Control Assembly (R449267) used 1 9  modules and the 
Amplifier Control Assembly (R4.49301) used 7 modules. 
function of those modules is s h m  i n  t ab le  3. 
The Timer and Valve Control Assembly (€449266) used 39 modules, 
The d i s t r ibu t ion  and 
I n  the  following discussion of t he  e lec t ronic  theory of operation, 
refer t o  t h e  Systems Logic Diagram (figure 13). 
power switch is  placed i n  the start posit ion,  400-cycle power i s  connected 
When Sl t he  f r o n t  panel 
t o  the Heater Control Assembly and the  System Power Supply allowing t h e  
system t o  function as t he  oven is  heated t o  150°F. The dc voltages are 
now avai lab le  t o  the  l o g i c  modules and as the  normalizer capacitor,  U C s ,  
charges, t he  normalizer c i r c u i t  ( p a t  of 1A1A9) appl ies  a re se t ,  ground 
level t o  the  counter chain lAlAl through Ab, A7, A8,  A10 t o  Alh and ~ 1 6 9  
r e s e t t i n g  the  counters i n  the chain t o  zero, 
v ib ra to r  with a basic  clock period of 1.17 seconds. 
A 6  i s  a f r e e  running &ti- 
The mil t iv ib ra to r  
and counters run continuously as  long as the power switch S l  is i n  the  
START posi t ion,  A n a t u r a  r e s e t  condition occurs every 80 minutes, 
NAND decoding gates  a r e  operated from the counter outputs, 
pu t s  from All and A16 are gated with 5.5 millisecond pulses from As,  
A24B output is two pulses, one a t  lj and one a t  t2. 
The out- 
The t and t pulses 3 4 
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TBBLE 3 
DISTRIBUTION OF MODULES 
Assembly 
R4.49267 
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Assembly 
&-b9301 Function 
Counter 
DAC counter 
Zeroing counter 
4-3-2-1 NAM) Gate 
3-2 Power NAND 
Sole noid dr ive r 
Single shot  rnulti. 
Free running multi ,  
Diode matrix 
DAC comparator 
9.6 U Schmitt Trigger 
0.4 U Schmitt Trigger 
Level converter & output 
net. 
Automatic zeroing control  
No. 2 amplif ier  cont ro l  
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I 
sham i n  f igu re  3 are outputs from A20 and A l s C ,  respectively.  
sect ions of NAITD modules A 2 0 ,  A27,  Als, A24,  A22, A29, and A17 decode from 
the  counters, v i a  a diode matrix A9, timing pulses of 4.5 seconds i n  dura- 
t ion.  
inverted and ANDed together with t 
A l l  counter). 
power NAM) gates dr ive up t o  two solenoid dr iver  c i r c u i t s  which operate the  
la tch ing  solenoid operated valves. 
valve operation. 
chain b u t  i s  control led by 52, t h e  sample source selector ,  and SA, t he  
absolute pressure switch. This counter s to re s  the  sample source information, 
The A 
Each gate decodes one pulse per 80-minute cycle. These pulses  a re  - 
0 0 and 2 o r  2 (outputs from 3' t4 Or 5 - 2  
This AhrD operation is provided by power NAND gates,  These 
See f igure  5 f o r  the time sequence of 
Counter module A 3 8  i s  not  a p a r t  of t h e  timing counter 
If  t h e  absolute pressure i n  the spacecraft  cabin is g rea t e r  than 3 p s i a  
and S2 is i n  the  Cabin posit ion,  A 3 8  is  held i n  the  cabin posi t ion and Sv1 
cannot be actuated t o  allow s u i t  a i r  t o  "&e sample loops. 
placed t o  s u i t  o r  low cabin pressure ( l e s s  than 1.5 ps ia )  and cause S4 t o  
actuate ,  ~ 3 8  counter would be s e t  t o  t he  s u i t  condition; however, t ne  power 
NANDs t h a t  operate ,971, the  sample source valve, a r e  not act ivated u n t i l  
45 minutes from the  first injection. 
t i o n  command are OR'd together by A22B i n  conjunction with A22D and A27C. 
The output of  A22B allows e i t h e r  the s u i t  o r  cabin s igna l  t o  t h e  Level Con- 
v e r t e r  module v i a  NANDs Al7B and Al7C,  respectively. 
Should S2 be 
The timing pulses t h a t  contain injec-  
The following discussion concerns those modules found on the  O2 and 
Amplifier Control Assembly, and dl1 reference designations are preceded by 
1 A 2  except when the  reference designation i s  not abbreviated. 
ac tua t ion  pulse (t ) f o r  the f i r s t  i n j ec t ion  time ( t  - 0) enables power NAND, 
The second 
2 
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lAlA28A, which, among other things, appl ies  a ground reset l e v e l  t o  the  
0 
dr ives  one sect ion of a ladder-type digital-to-analog converter which i s  
included i n  t h e  counter module, >hen r e se t ,  t h i s  D.A.C. output i s  zero. 
During the in t e rva l  from 0.625 minute 
in jec t ion ,  U 8 A  sect ions HAND allows clock pulses  from U S ,  a free 
running multivibrator.  A3, the D.A.C. Comparator, monitors t h e  amplifier 
s igna l  No, 3 (0-10 v o l t  amplifier output) and t h e  D.A.C. output, and when 
the amplifier output is  g rea t e r  than the  D.A.C. output, an enable l e v e l  
( l og ica l  1) is  applied t o  &-lo During the t i h e  t h a t  the clock pulses 
are coming t o  a, the oxygen peak is  being detected and amplifier s igna l  
No. 3 is t rac ing  t h e  peak. 
a l o g i c a l  1 on p in  4 of AkA. 
t o  t he  first counter, A9. 
u n t i l  it is  l a rge r  than the amplifier signal; thus, the D.A.C. w i l l  follow 
the oxygen signal up t o  the  peak but not down the  f a l l i n g  s i d e  of t h e  signal,, 
The D,A,C. Comparator dr ives  the 0 meter i n  proportion t o  the  D.A.C. out- 
put. 
fu l l  count, NAND A l 8 A  i n h i b i t s  the clock and a fu l l - sca l e  indicat ion i s  
given on the O2 meter. 
D.A.C. Counters Al, 82, A8, A9, -415 and A16, Each of the  counters 2 
t o  1.875 minutes pas t  t h e  first 
Since the peak i s  la rge ,  t h e  XZ. gain s igna l  is 
&-2 is  a 1 and the clock pulses a re  applied 
The counters will increase the  D.A.C. output 
2 
If the  oxygen s igna l  were large enough t o  increase the counter t o  a 
The gain-changing c i r c u i t r y  is  actuated by the amplifier s igna l  No, 3 ,  
with the gain information being stored by f l ip - f lop  A7 and counter Al7, 
Gain is control led by switching i n  feedback r e s i s t o r s  across High Impedance 
Amplifier No. 2. A t yp ica l  output response with gain changes i s  shown i n  
f igu re  14. Assume t h i s  amplifier gain t o  be highest  a t  225, 
f i e r  signal No, 3 rises t o  9.6 volts ,  A6, a Schmitt Trigger, puts  out a 
A s  the ampli- 
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5 
4 
5 3  n 
I- 
3 
0 
v) 
I- 
-I 
P 2  
1 
1.1 s F = . S E c  
A BROADPEAK 
;I 
A SHARP PEAK 
238 1-006 
Figure 14. Peaks with Gain Changing 
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I . 
. 
l o g i c a l  1 which sets A7 and t r igge r s  A17. This state of A17 s i g n i f i e s  an 
XlS gain signal.  The t r ans i s t ion  of Al7 also actuates  AX?, a single-shot 
multivibrator,  whose output pulse i s  gated t o  the  $volt Level Canparator 
AlO. When the X l S  gain signal is  applied t o  the Mo. 2 Amplifier Control 
module i n  the  oven, the  amplifier signal No. 3 drops quickly t o  approxi- 
mately 0.6 vo l t s .  
a t  9.6 vol t s .  
and A17 is  decoded t o  be an Xl gain signal. 
t h i s  t r a n s i t i o n  of Al7, b u t  i t s  output goes t o  the  4.5-volt Level Converter. 
If t h i s  signal continues t o  rise, A6 w i l l  t r i g g e r  again 
This time o n l y  A17 will change s t a t e ;  t h i s  condition of A7 
Single-Shot AS is  actuated on 
X l  i s  the minimum gain configuration. Now, should the  amplifier sig- 
n a l  No. 3 drop to 0.4 vol t ,  
and t r igger ing  Al7. A17 is  again in t h e  KL5 condition and A12 is  again 
actuated; hawever, t h e  output of A12 i s  this time gated t o  the 4.s-volt 
Level Converter. When the amplifier signal l e v e l  again drops t o  0.4 vo l t ,  
A17 is again t r iggered  and the X225 s t a t e  of A17 and A7 is  decoded. A s  is 
t r iggered  and its output is gated t o  the  S.O-volt Level Converter section. 
The 2- and 4-volt Level Converter inputs are supplied by the  cabin and suit 
signals from lAlAl7C and UUAl7B,  respectively. 
reset t h e  zeroing f l ip - f lop  ~ 1 8 ,  which dr ives  the  Zeroing Ci rcu i t ry  i n  A6. 
This causes the  amplifier signals t o  go t o  ground while a d i f f e ren t  detector 
is being connected t o  the amplifier. 
to its nonzeroing s t a t e ,  thus allowing 37.5 seconds of zeroing time. 
Schmitt Trigger A13 w i l l  f i r e ,  r e s e t t i n g  A7 
Ei ther  of these  inputs  w i l l  
5 The 2 l e v e l  from 1AlA3 s e t s  A18 back 
Logic Modules: 
three separate c i r c u i t s ,  a diode matrix, a normalizer c i r c u i t  and a solenoid 
dr iver  actuat ing c i r cu i t .  Ihe 
The Diode Matrix and Normalizer, R353281-1, contains 
The schematic diagram is shown in f igure  15. 
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QTY PARTNO. CKTSYM 
46 479-0468-001 CR1 -CR46 
1 472-0 153-00 1 Q 1 
1 R352869-75 R1 
1 R352869-87 R2 
ASSEMBLY NUMBER 
R35328 1 
DIODE MATRIX AND 
NORMAL I ZER 
Figure 15. Diode Matrix and Normalizer (R353281-1) 
2381-007 
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diode matrix is composed of seven groups of diodes; each group has its 
anodes connected together i n  a common output, 
external ly  t o  the node of an A section NAND thus making t h e  NAND one of 
10 inputs,  
through a 47-microfarad capacitor. 
capacitor l A l @  oegins t o  charge up turning t r a n s i s t o r  Q1 on, 
duces the  required ground l e v e l  a t  Ql col lector .  The remaining circuit 
has two 1.8 K r e s i s t o r s  i n  p a r a l l e l  between the f l s -vo l t  supply and the 
solenoid dr iver  supply capacitor;  t h i s  i s  a 9OO-ohm charging pa th  fo r  t h e  
capacitor. From the  solenoid driver supply there  i s  a 33 K r e s i s t o r  t o  a 
point  connected t o  S4-A, the normally open terminal of  the pressure switch. 
This poin t  i s  connected t o  external  22 microfarad capacitor C 4  t h a t  dr ives  
the solenoid dr iver  f o r t h e  cabin shutoff valve. Low cabin pressure could 
ac tua te  S4 causing S4-A t o  go t o  ground. 
with 15 v o l t s  on both s ides ,  now begins t o  charge t o  +15 v o l t s  from the 
solenoid dr iver  input. 
the cabin shutoff valve. 
v o l t s  w a s  removed by shut-down or power f a i lu re ,  the diode, CR!47 of t h i s  
module, would ground the negative s ide of Ck also and the cabin shutoff 
would close again, 
The group is connected 
The normalizer is  driven from the  pos i t ive  15-volt supply 
A s  t h e  power supply is turned on, t he  
This pro- 
CL, which was  i n i t i a l l y  uncharged 
This charging actuates  the  solenoid dr iver  closing 
If the cabin pressure remained high and the +15 
Solenoid Driver module, R353283-1, contains four  iden t i ca l  sec t ions  as 
Each sec t ion  is a simple PNP dr iver  c i r c u i t  whose col- shown i n  figure 16, 
l e c t o r  c i r c u i t  provides a discharge path for the  c o i l  when it is de-energizing, 
thus preventing any high voltage spikes from the co i l .  The Free Running 
Mult ivibrator ,  f i gu re  17, R353284-1, i s  of standard configuration with a 
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SUPPLY + 
R2 
470R 
QTY PART NO. REF DESIG 
4 472-0014-001 Q1 TO Q4 
4 479-0002-001 CR 1 TO CR 4 
4 R352869-73 R1, 4, 7, 10 
4 R352869-55 R2, 5, 8, 11 
4 R352869-35 R3, 6, 9, 12 
ASSEMBLY NUMB E R 
R353283 
AVG DISSIPATION = 0 
MAX 38.5 MW X dv/CKT 
SOLENOID DRIVER X4 
(RELAY) 
2381-009 
Figure 16. Solenoid Driver (R353283-1) 
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+4V O U T A & C A +  
OUT C 
TRIM 
0 
0 - - 0 
R6 
7.5K 
R5 4 B  4b 9 
R1 R3 
2.7K 3.3K 
0 R7 
14.7K 
0 0 
C B- CA- 
QTY 
3 
2 
1 
3 
2 
1 
1 
1 
PART N O  
479-0468-00 1 
472-0 153-00 1 
R352869-73 
R352869-75 
R352869-87 
R448219-325 
R448219-285 
R4482 19-3 17 
REF. DESIG. 
CR1, 2, 3 
Q1, 2 
R1 
R2, 3, 9 
R4, 8 
R5 
R6 
R7 
ASSEMBLY NUMBER 
R353284 
POWER IN = 95MW 
IMAX I MIN 
+4v 1.3MA 0.67MA 
+15V 6.25 MA 5.31MA 
+ 15V 
OUT 5 
& CB+ 
GRD 
TRIM = ,+ 6% WITH 0-10K POT 
TO + 15V 
MULTIVIBRATOR, 
FREE RUNNING 
238 1-0 10 
Figure 17. Free-Running Multivibrator (R353284-1) 
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separate clamping c i r c u i t  included, 
is  used as a pull-up f o r  NAND 1A1A17D9which is  necessary when dr iving a 
counter t r igger  input,  
binary flip-flop with an ac t r igge r  and one r e s e t  input. 
The clamping c i r c u i t  of module uu418 
The Counter I4odule, f igure  18, R353285-1, is a bas i c  
NAND Module, figure 19, R353286-1, has four  sections,  each with a d i f -  
f e r e n t  number of input diodes, one, two, three o r  four. The four-input 
sect ion has an ex terna l  connection t o  the c i r c u i t  node allowing connection 
of more input diodes via t h e  diode matrix, The output w i l l  go t o  a ground 
l e v e l  if, and only i f ,  a l l  inputs i n  t h a t  sect ion are a t  a l o g i c a l  1 (grea te r  
than +1,5 v)  or  open, 
go t o  a log ica l  1, 
A ground l eve l  on any input w i l l  a l l o w  the  output t o  
The power NAND Module, f igure  20 (R353282-1), contains two separate 
Both c i r c u i t s  a r e  c i r c u i t s ;  one has three inputs  and the other  has two. 
bas i c  NAND's followed by a power t r ans i s to r ,  
The 9.6-v Schmitt Trigger, shown in f igure  21, i s  actuated by its input 
going above 9.6 v o l t s  with the  output going from zero t o  one at  t h i s  time, 
Since Ql. and Q2 have unequal co l lec tor  r e s i s to r s ,  the current  through R s  
changes as the  c i r c u i t  i s  t r iggered and the input reference l e v e l  changes 
producing a hys te res i s  e f fec t ;  i,e,, the output will re turn  t o  ground when 
the  inpu t  drops below approximately 6 v o l t s ,  
is a r e s i s t i v e  l e v e l  s h i f t e r  which causes the  zeroing diode output t o  go 
from +10 t o  -2 v o l t s  as the  Zeroing Gate input goes t o  ground. 
The zeroing control  c i r c u i t  
The O.4-volt Schmitt Trigger and DC Restorer, figure 22, R353289-1, 
contain two separate and d i f f e ren t  c i rcu i t s .  
a t  an input s igna l  l e v e l  of 0.46 v o l t  allowing the  output t o  go posit ive.  
The Schmitt Trigger actuates 
RESET 
OUT 
0 
R4, 1.5K 
t 4 v  
TRIGGER 001 
QTY PARTNO. REF. DESIG 
5 479-0468-001 CR1 TO CR5 
2 R448218-66 C1, C2 
2 472-0153-001 Q1, Q2 
2 R352869-69 R1, R8 
4 R352869-87 R2, R3, R6, R7 
2 R352869-67 R4, R5 
ASSEMBLY NUMBER 
R353285 
OUT 
GRD 
DISSIPATION = 12 MW 
+ 4V CURRENT = 3.1 MA 
FANOUT = 5 
COUNTER 
2381-01 1 
Figure 18. Counter Module (R353285-1) 
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AN 
A1  
A2 
A3 
A4 
0 4 b  
B1 c 1  CR 12 
B2  c 2  b CR 13 
CR 1 D1 
b CR 2 
b CR 16 
QTY PART NO. REF DESIG. DISSIPATION = 20 MW MAX 
4 472-0153-001 Q 1  TO Q4 +4v CURRENT = 5MA MAX 
4 R352869-73 R1, 3, 5, 7 
4 R352869-87 R2, 4, 6, 8 
18 479-0468-001 CR1 TO CR18 
3.2 MA MIN 
ASSEMBLY NUMBER 
R353286 
4-3-2-1 NAND GATE 
F A N O U T =  6 
+4v 
OUT 
D 
GRD 
2381-01 2 
Figure 19. NAND Gate (R353286-1) 
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CR1 
A1 *b 
A2 
A3 *b 
CR2 
CR3 
QTY PART NO. 
7 479-0468-001 
4 47241 53-001 
4 R352869 -87 
2 R352869-73 
2 R352869-59 
CR5 
B1 -1 
B1 -1 
CR6 
ASSEMBLY NUMBER 
R353282 
JL CR7 
REF DESIG 
CR1 TO CR7 
Q1 TO Q4 
R1, 5 
R2, 4, 6, 8 
R3, 7 
1-0 +4v  
R7 
b 680 
Q3 
OUT B 
GRD 
DISSIPATION = 46 MW MAX 
+ 4 V  CURRENT 11.4 MA MAX 
2.5 MA MIN 
3-2 POWER NAND GATE 
50 MA SINK F.O. = 40 
2381-008 
Figure 20. Power NAND Gate (R353282-1) 
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SIGNAL 
INPUT 
QTY 
1 
3 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
PART NO. 
479 446840 1 
47241 53401 
R448219-263 
R448219-30 1 
R448219-38 1 
R448219-251 
R4482 19 -22 1 
R4482 19 -27 1 
R4482 19-259 
RU82 19-3 17 
R4482 19 -28 1 
R448219-335 
R448219-417 
ASSEMBLY NUMBER 
R353288 
POWER DISS. = 57 MW MIN 
71 MW MAX REF. DESIG. 
Q1 TOQ3 MAX MIN 
R1 +15V 3.7MA 2.8MA 
R3 
R4, R5 
R6 
R7 
R8 
R9 
R10 
R11 
R12 
CR-1 
R2 -15V 1.0 MA 0.8MA 
9.6 VOLT SCHMITT TRIGGER 
AND ZEROING CONTROL 
2381 014 
Figure 21. 9.6-Volt Schmitt Trigger and Zeroing Control (R353288-1) 
110 +15V 
+4v 
FEEDBACK 
SIGNAL 
INPUT 
SCHMI TT 
OUTPUT 
COUNTER 
TRIGGER 
GRD 
4 4 0  RESTORER 
I o -15V 
ASSEMBLY NUMBER 
R353289 
QTY PART NO. REF OESIG 
3 4724153401 Q l  TO Q3 
1 R448219-363 R2 
1 R448219-417 R4 
1 R352869-59 R7 
2 R352869-51 R8, R11 
1 R352869-73 R12 
1 R352869-75 R13 
4 4794468-001 CRl  TO CR4 
4 ~352869-87 RI, 3, 5, i o  
1 R448219-201 R6 
1 R448219-281 R9 
POWER DISSIPATION - 24 MW 
+4V I MAX 5.6 MA 
-15V I MIN 0.15 MA 
D.C. RESTORER AND 
0.4 VOLT SCHMITT TRIGGER 
2381-01 5 
Figure 22. 0.4-Volt Schmitt Trigger and DC Restorer (R353289-1) 
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Feedback f o r  the Schmitt is provided by invert ing the output with a one 
input NAND; t h i s  i nve r t e r  i s  usual ly  an in t eg ra l  p a r t  of a Schmitt Trigger 
c i r c u i t ,  but  a standard external  c i r c u i t  is  applicable. 
off a t  0.33 vol t ,  
f lops.  
outputs from going negative. 
b iases  a law-leakage diode whose cathode i s  connected t o  the  input of t he  
second high-impedance amplif ier  when t h e  output i s  negative. 
The c i r c u i t  t r i gge r s  
which i s  t h e  t r ans i s t ion  t h a t  s e t s  the gain change f l i p -  
The function of t he  DC Restorer c i r c u i t  i s  t o  prevent the Amplifier 
The Restorer output of t h i s  module forward 
D.A.C. Comparator, f igure  23, R353290-1, is  composed of p a r t s  o f  several  
separate  c i rcu i t s .  The pr inc ipa l  c i r cu i t ,  the  Comparator, monitors t he  
amplifier si@ No. 3 and t h e  D.A.C. output and provides a l o g i c a l  zero 
output when the D.A.C. output is greater than the amplif ier  output. &1 and 
Q2 a r e  a d i f f e r e n t i a l  amplifier w i t h  &1 base connected t o  a vo l tage  divider  
of 1,21-K and a 5-K potentiometer. 
f i e r  signal No. 3. 
t h a t  ''sees" a proportion of the D.A.C. output. 
Q4, the output switching t r ans i s to r .  
adjusted so  t h a t  &L does not switch u n t i l  the  amplifier s igna l  No. 3 is 
5 volts .  
D.A.C. counters. 
by t h r e e  36.5-0hm r e s i s t o r s  in p a r a l l e l  t o  compensate f o r  the sa tura t ion  
c o l l e c t o r  voltage (0.09 v) of the  D.A.C, counters. 
This voltage divider  is  dr iven by ampli- 
Q2 base i s  connected t o  the  wiper of a SO-K potentiometer 
&3 i s  an amplifier t h a t  dr ives  
The SO-K and 5-K potentiometers a re  
Within t h e  module is  a l s o  t h e  8.4-volt reference supply f o r  the  
This supply is referenced s l i g h t l y  (0.09 v) above ground 
Each D.A.C. Counter, f igure  24, R353291-1, contains two r e s i s t o r s  which 
form p a r t  of t he  D.A.C. ladder  network, 
Counter R353285 except t h a t  e i t h e r  co l lec tor  voltage can rise no more than 
The counter itself is similar t o  
R3 
75.OK 
R5 
75.0K 
FROM 15K 
DAC POT 
FROM 5K 
POT ARM 
TO 5K 
POT 
QTY 
3 
1 
1 
2 
2 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
- 
?7 
5.81K 
Q ?8 
14.7K 
- 
+cR v-0 TO 50K METER 
R13, 10K 
i L-r\hlb----td) TO 50K DAC POT 
R14, 10K 
TO 50K DAC POT 
1 
METERRETURN 
& 50K METER PO" 
GRD 
I L - 3 -15V 
PART NO. 
472-0153-001 
472-00 14-00 1 
R4482 19-20 1 
R448219-3 17 
R448219-385 
R448219-417 
R352869-87 
RUB2 19-281 
R448219-251 
R448219-9 
R352869-73 
R448219-401 
R448219-301 
R448219-285 
479-00 1 1-00 1 
CKT SYM 
Ql, 2, 4 
Q3 
R1 
R2, R8, R12 
R3, R5 
R4 
R6 
R7 
R9 
R 10 
R11 
R16 
R13, 14 
R15 
CR 1 
ASSEMBLY NUMBER 
R353290 
DISSIPATION 75MW. APPROX 
+ 15K IMAX = 2.8 MA 
- 15K IMAX = 1.1 MA 
D.A.C. COMPARATOR 
2381-016 
Figure 23. DAC Comparator (R353290-1) 
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QTY 
2 
6 
2 
1 
2 
2 
2 
1 
CR1 
- u 41 
R4, 13.3K c ~ 4  
Q1 
0 REF. V. 
CRS 
I T 0 +15V 
3.92K 1 R1 3.32K R8 I 
PART NO. 
244821 8-66 
479-0468-00 1 
472-01 53-00 1 
R448219-258 
R352869-87 
R352869-99 
R448219-313 
R448219-251 
GRD 
o TRIGGER 
REF DESIG 
c1, 2 
CRl TO CR6 
Q1, Q2 
R1 
R2, R7 
R3, R6 
R4, R5 
R8 
DISSIPATION = 73.8 MIN 82.6 MAX 
+15V I MAX 6.0 MA, I MIN = 5.6 MA 
NOTE: CR4 AND CR5 ARE SELECTED ASSEMBLY NUMBER D.A.C. COUNTER 
SO THAT THE FORWARD DROPS 
ARE WITHIN 10 MV OF EACH 
R353291 
OTHER AT 1.0 MA 2381-0 17 
Figure 24. DAC Counter (R353291-1) 
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the  8,L-volt reference, 
similar t o  t he  DAC Counter except t ha t  PNP t r a n s i s t o r s  are used. 
The Zeroing Counter, figure 25 (R353293-1) is 
The Level Converter and Output Network, figure 26, R353292-1, module 
contains four level converters and two output networks, The l e v e l  con- 
v e r t e r s  impose on the two amplif ier  outputs spec i f i c  information l e v e l s  
when t h e  converters are activated.  when a level converter input  is grounded, 
16s t r a n s i s t o r  i s  turned on applying 15 v o l t s  t o  the amplif ier  output through 
a r e s i s t o r  and series diode, The r e s i s t o r  determines the l e v e l  desired on 
the  output, The output network is a voltage divider  on each amplifier t h a t  
provides 500 ohms output t o  the  two telemetry impedances, 
The Automatic Zeroing Control Module, f igure  27, R353294-1, wbich pro- 
vides  the necessary control  f o r  t he  zeroing Counters and t h e i r  D,A.C, out- 
puts, a l s o  provides a -8,L-volt reference supply f o r  the Zeroing Counters. 
When the  Itnot zeroing" (zeroing) s igna l  goes t o  ground, &1 t u rns  on and 
appl ies  a r e s e t  ground l e v e l  t o  the Zeroing Counters, 
zeroing signal goes pos i t ive  allowing t h e  5.5-millisecond pulses through 
Q2 t o  t h e  first Zeroing Counter. The output of the first high-impedance 
amplif ier  drops when the  counters begin t o  count a t  one per second and the 
D.A.C, output begins t o  increase more negative. 
negative (by one counter b i t )  C€& i nh ib i t s  fur ther  counting pulses. 
C1, R2 network i s o l a t e s  t he  first high-impedance amplifier from t h e  1-micro- 
f a rad  capaci tor  i n  the system RC network. 
p l e t e d  and the  clamp is released f rom the  input of the second high-impedance 
amplif ier ,  the vol tage change is  transmitted back through the 1-microfarad 
capaci tor  t o  t h e  f i r s t  high-impedance amplifier upset t ing its feedback 
A t  the  same time, the 
As the  amplif ier  becomes 
The 
A s  the zeroing sequence is com- 
TRIGGER 
7 
R7 
1 OK 
Q 
R5, 56K 0 11 0 
0 
( k  - . CR6 * CR5 
1 u 1- =I m 41 
CR2 CR4 
R8 
18K 
R1 
18K 
GRD 
OUTPUT 
TRIGGER 
FROM 2N-1 
TO fNtl 
RESET 
-8.4V REF 
I 0 -15V 
QTY PARTNO. REF DESIG 
2 472-001 4-001 
6 479-0468-001 
2 R352869-93 
2 R352869-87 
4 R352869-105 
1 R448219-401 
1 R448219-368 
2 R448218-66 
Q1, Q2 
c1, c 2  
R1, R8 
R2, R7 
R3-R6 
R9 
R10 
CRl-CR6 
POWER DISS. = 15.9 MW 
-15V CURRENT = 1.18 MA 
ASSEMBLY NUMBER 
R353293 
238 1-0 19 
Figure 25. Zeroing Counter (R353293-1) 
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- - - - - - .I - 0 +15V 
R1 R8 R12 R16 
2.7K 2.7K 2.7K 2.7K 
d u/ 
4- Q1 I C -  Q2 4- Q3 4- Q4 
AMP N 0 . 2  
AMP NO. 1 
-- 
4 )  
R6 R20 
1.21K 1.21 K 
7 
OUT NO. 2 OUT NO. 2 
0 4 1  1 
R4 R7 R18 
17.8K 806 17.8K 
e 
OUTPUT RETURN - 0 
-15V 
QTY 
8 
4 
4 
4 
2 
2 
2 
2 
2 
2 
2 
PART NO 
479-0468-001 
472-001 4-001 
R352869-73 
R352869-87 
R448219-240 
R.448219-325 
R448219-209 
R448219-188 
R448219-181 
R448219-161 
R448219-133 
REF. DESIG. MAX MIN 
CRl  TO CR8 +15V 20.5MA 0 
Q1 TO Q4 -15V 3.1MA 1.7MA 
R1, R8, R12, R16 
R2, R9, R13, R17 POWER DISSIPATION = 40 MW AVG. 
R31 R5 
R4, R18 
300 MW MAX 1 SECOND 
ASSEMBLY NUMBER 
R6, R20 
R7, R21 R353292 
R10, R11 
R14, 15 
R19, 22 
L E V E L  CONVERTER 
ANDOUTPUTNETWORK 
2381-018 
Figure 26. Level Converter and Output Network (R353292-1) 
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R1 
1 OK 
D E T  - 
SUPPLY 0 +15V 
R5 R11 
49.9K 0 +4V 
CR 1 1.5K 
0 TO COUNTER 
CR3 CR6 - Q2 
0 CAL. POT 
TO 2O 
R12, 49.9K 
R9 
R8 68 
1- 1 OK 
AMP NO. 1 0  
lOOK 
lOOK R10, 68 -TO 24 - GND o - :: R13 9 COUNTER - w - 
TO 15K0 1 [iR7 .. CAL. RETURN SW. & 
-8.4V REF R7 2.7K 
POT R3, 68.1K 
R6 
3.3K 
CR5 2 
- A - E n 4  c2 R4 ZEROINGO--(+ 0.68 p f 5.36K 
-15V 
QTY 
1 
1 
1 
6 
1 
1 
1 
1 
2 
1 
1 
2 
1 
1 
1 
2 
PART NO. 
R352869-67 
R448219-240 
441-0383-001 
479-0468-00 1 
USN lN3155 
350D684X9035A2 
472-0153-001 
472-0014-001 
R352869-87 
R352869-99 
R352869-73 
R448219-368 
R a 8 2  19-40 1 
R448219-38 1 
R448219-27 1 
R352869-35 
REF DESIG. 
R11 
R14 
c1 
CR1-CR6 
C R7 
c 2  
Q2 
Q1 
R1 8 R8 
R6 
R7 
R5 & R12 
R2, R13 
R3 
R4 
R9, R10 
POWER DISSIPATION: 65MW 
MAX MIN 
+15V 1.0 0.72 
CURRENT + 4V 2.65 0 
(MA) 
- 1 5  3.75 3.26 
ASSEMBLY NUMBER 
R353294 
2381-020 
Figure 27. Automatic Zeroing Control (R353294-1) 
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network, One 
68-ohm r e s i s t o r  i s  p a r a l l e l  with t h e  ser ies  combination of t he  other  &-ohm 
r e s i s t o r  and a 200-ohm potentiometer; t h i s  p a r a l l e l  network is connected 
The two &-ohm resistors form p a r t  of the  ca l ib ra t e  c i rcu i t .  
between one s ide of t h e  ca l ib ra t e  push button and ground. 
button i s  pushed, the reference is brought t o  ground which causes a sma l l  
pulse of t h e  input of the first high-impedance amplifier. 
supply voltage comes from +15 v o l t s  through the 104 r e s i s t o r  i n  t h i s  
I.hen the  ca l ib ra t e  
The detector  
module. f 
The No. 2 Amplifier Control Module, f igure  28, B353295-1, provides the 
necessary output conditioning and gain control, f o r  the  second high-impedance 
amplifier Ql i s  an emitter follower, driven by t h e  amplifier, t h a t  provides 
three  separate outputs: Amplifier Signals No. 1, 2 ,  ana 3 .  Q2 ~2 Q3 zrp. 
double emitter t r ans i s to r s  that switch i n  t h e  feedback r e s i s t o r s  from the 
Amplifier Signal No. 3 t o  the  negative amplifier input on command f r o m  
either or both the  XL and X3.5 gain signals. 
The monostable single-shot multivibrator,  figure 29 (R353287-1), is  
t r iggered  by a positive-going input and i n i t i a t e s  a pos i t ive  pulse (logi-  
cal  1) with a duration given by T (seconds) = 0.0165 c. C is  the  capaci- 
tance i n  microfarads of an external ly  connected capacitor. 
Oven heat is obtained from f o u r  lO,OOO-ohm, 5-watt resistors connected 
in p a r a l l e l ,  
assembly. 
res i s tance  controls  an amplif ier  which i n  turn provides b i a s  t o  turn on an 
SCR regulating the current through t h e  heater  resistors, The hea t  control  
c i rcui t  i s  shown i n  figure 30 (R353296-1). 
These r e s i s t o r s  are mounted d i r e c t l y  t o  the column-detector 
A bead thermistor monitors one of t he  r e s i s to r s ,  and i t s  varying 
I n  early tests it w a s  noted 
TO 0.1 p f  CA 
AMPL NO. 2 
OUT. 
AMPL NO. 2 
GRD 
AMPL NO. 2 
NEG. INPUT 
3 
1 
2 
2 
1 
1 
1 
2 
1 
2 
1 
1 
2 
,P 
479-0468-001 
472-0153-001 
3N74 TEXAS INST 
R352869-73 
R352869-99 
R448219-301 
R448219-330 
R448219-281 
R448219-417 
R448219-240 
R448219-209 
R448219-401 
R352869-51 
1 T T 
- 
T 
ASSEMBLY NUMBER 
R353295 
REF. DESIG 
CR 1-CR3 
Q1 
Q2, Q3 
R1 
R7, R8 
R2  
R3 
R4, R5 
R14 
R9, R10 
R11, R12 
R13 
R6 
+15v 
OUT NO. 1 
OUT NO. 2 
TO 
SCHMITTS 
R12 1 Ip:, RETURN 
2.55K 14.7K 
2381-021 
Figure 28. No. 2 Amplifier Control (R353295-1) 
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c+ c- 
QTY 
6 
2 
2 
2 
3 
1 
1 
PART NO. 
479-0468-001 
R4482 18-66 
472-0 153-00 1 
R352869-73 
R352869-87 
R352869-75 
R4482 19-335 
REF. DESIG. 
CRl  THRU6 
c1, 2 
Q1, 2 
R1, 3 
R2, 4, 7 
R5 
R6 
ASSEMBLY NUMBER 
R353287 
POWER IN: 
(19 + 91 X dv) MW 
+4V 2.5 MA 0.75 MA 
+15V 5.9 MA 0.62 MA 
MAX IMlN 
PERIOD T = 0.0165C 
T 
C = -  
0.0165 
C IS IN ufd. 
MULTlV I BRATOR, 
SINGLE SHOT 
WHERE T IS IN SEC. 
238 1-01 3 
Figure 29. Monostable Single-Shot Multivibrator (R353287-1) 
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R7 R8 
46.4K 46.4K 
15K POT. 
L 
4 
CR 1 
- 
4 
I 
THERMISTOR 
4 
CL 
QTY 
1 
3 
4 
1 
1 
1 
1 
2 
2 
1 
1 
2 
41 0 
t 
4 
6.2V 
HEATER 
0.033 pf, 400V 
PART NO. CKT. SYM. 
479-0010-001 CR1 
479-0468-001 CR2 TO CR4 
479-0002-001 CR5 TO CR8 
238P33394S13 C1 
472-0153-001 Q1 
472-0014-001 Q2 
2N2328A Q3 
R448219-337 R1, R3 
R352869-87 R2, R6 
R448219-381 R4 
R448219-317 R5 
R448219-365 R7, RE 
ASSEMBLY NUMBER 
R353296 
DISSIPATION: CONTROL ONLY 
HEATER 
ON OFF 
285 MW 140 MW 
MAX TOTAL DISSIPATION: 
CONTROL + HEATER AT 119 VAC 
= 5.5 WATTS 
HEATERCONTROL 
2381-022 
Figure 30. Heater Control (R353296-1) 
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t h a t  heat cycling w a s  occuring due t o  the response time cha rac t e r i s t i c  of 
t he  thermistor. The thermistor or ig ina l ly  used ?ad a 2s-second response 
time. This was replaced with a thermistor bead having a 2-second response 
time charac te r i s t ic ,  resu l t ing  i n  a much improved proportional control ,  
Power Supply: The power supply used i n  the  Apollo GCAS i s  an ac-to-dc 
The power supply is  capa- converter employing high r e l i a b i l i t y  components. 
b l e  of operation with input  voltage of l l 5  plus  o r  minus 4 v o l t s  ac, 400 plus  
or  minus 7 cps sine wave with 5% harmonic d i s to r t ion .  
Output voltages of the supply are as follows: 
+ 15 v o l t s  dc a t  75 t o  160 ma 
- 15 v o i t s  ck ~ t r -  75 t o  LO ma 
+ 4 v o l t s  dc a t  100 t o  175 ma 
Regulation of the  power supply is wi th in  the limits indicated by the  
cha r t  as follows: 
output + 15 vdc - 15 VdC + 4 vdc 
Regulation Load 2 15 mv * 15 mv k 0.1 v 
Regulation Line 2 15 mv 2 1.5 mv 2 0,lS v 
Regulation Temperature 2 0.1 v 2 0.1 v f 0,2 v 
(-25O t o  71°C)  
Ripple (peak t o  peak) 2.5 mv 2,s mv 0.2 v 
Output bpedance 3 ohmmax 1 ohmmax 2 ohm max 
(0 t o  1 mc) 
The supply i s  housed i n  a package 3 by 2-1/2 by 3 inches and weighs 
about 3/4 pound; it de l ivers  the output power with a 47% efficiency, 
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5. FUNCTIONAL CHARACTERISTICS 
The prime purpose of t h i s  instrument i s  t o  quan t i t a t ive ly  detect t h e  
presence of t r a c e  contaminants i n  spacecraft atmospheres. 
goal, a wide va r i e ty  of possible spacecraft contaminants were tested during 
the  breadboard s tage of t h i s  program. 
oxygen, nitrogen, methane, and carbon monofide, were e lu ted  from t h e  molec- 
u l a r  sieve column (column 1) i n  the usual order within 6 minutes, 
r e t en t ion  times of compounds e lu t ed  from columns 2 and 3 a r e  shown i n  t a b l e  
4. 
a l l  cases. 
columns. Since tilt: i&.zz+.inn cha rac t e r i s t i c s  of t h e  two columns a r e  con- 
s iderably  d i f fe ren t ,  t h i s  redundancy i s  expected t o  enhance t h e  ease of 
peak iden t i f i ca t ion  
Towards this 
The permanent gases, hydrogen, 
The 
These re ten t ion  times were measured from the time oxygen was e lu ted  i n  
It may be seen tha t  most of t h e  compounds a r e  e lu ted  from both 
Each of t he  u n i t s  delivered during t h i s  p ro jec t  was subjected to  a 
func t iona l  qua l i f ica t ion  test .  
were prepared i n  standard 1 A  gas cylinders. 
for f i l l i n g  by evacuating, f lushing with oxygen, evacuating, e tc , ,  f o r  a t  
l e a s t  three times. 
in j ec t ed  i n t o  t h e  evacuated cylinders through a rubber septum. 
concentrations of gaseous contaminants were inser ted  from known volume 
containers. Large concentrations of gaseous contaminants were metered i n t o  
t h e  b o t t l e  u n t i l  t he  calculated pressure increase  was obtained, Oqygen was 
tnen used t o  pressur ize  t h e  bo t t l e  t o  200 psig. 
provided a ca l ib ra t ion  b o t t l e  with ppm leve l s  of l i q u i d  and gaseous com- 
pounds, higher levels of some gases, and gross amounts of oqgen.  
Calibration mixtures used f o r  these t e s t s  
These b o t t l e s  were prepared 
Calculated quant i t ies  o f  l i q u i d  contaminants were then 
Small 
! h i s  technique tinereby 
The only 
63 
3 
L. c. 
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major difficulty encountered with this d i lu t ion  technique has been adsorp- 
t i o n  of highly polar  compounds on the  container walls. 
response va lues  f o r  cer ta in  compounds. All u n i t s  were t e s t e d  with two 
d i f f e r e n t  ca l ib ra t ion  mixtures. 
"his leads  t o  low 
F'unctional t es t  r e s u l t s  f o r  a t yp ica l  instrument are shown i n  t a b l e s  
These r e s u l t s  were obtained with two d i f fe ren t  ca l ib ra t ion  mix- 
The sample pressure was adjusted to 2.5 ps ia  f o r  mixture A and t o  
5 and 6. 
tures. 
5.0 ps ia  f o r  m i x t u r e  B. 
time of inject ion.  
t h e  oxygen peak. 
t h a t  the e lu t ion  times a r e  a j q r c ~ m a t e l y  but not exac t ly  the  same as 
obtained on t h e  breadboard uni t ,  These deviations a r e  due t o  minor varia- 
t i o n s  i n  operating temperature and gas flow. 
systems used i n  t h e  f l i g h t  units a s  well a s  t h e  breadboard uni t  a r e  ident ica l ,  
t h e  r e l a t i v e  r e t en t ion  times will remain t h e  same. Thus, i f  it i s  found 
t h a t  acetone is  re ta ined  20% longer on column 3 i n  unit 5 than indicated 
by t a b l e  &, a l l  compounds e lu ted  from column 3 i n  u n i t  5 will be e lu ted  20% 
l a t e r  than shown i n  t ab le  b. 
Elution times f o r  column 1 were measured from t h e  
Elution times for columns 2 and 3 were measured P o m  
A cross  comparison of these two t a b l e s  witn table L shows 
However, since al l .  column 
It may be seen from t ab le s  5 and 6 t h a t  contaminant concentrations a s  
low a s  50 ppm may be r e a d i l y  detected, even a t  sample pressures a s  low a s  
2.5 psia. 
methanol) and low v o l a t i l i t y  compounds i s  poorer than ant ic ipated.  
probably due t o  adsorption or  absorption of these  compounds by tne sample 
t es t  apparatus o r  by t h e  instrument i t se l f ,  
The apparent s e n s i t i v i t y  for  highly polar  compounds (notably 
This is  
TABU 5 
ANALYSIS OF MIXTURF: A AT 2.5 psia 
Compound 
Hydrogen 
Nitrogen 
Me thane 
Carbon Monoxide 
OxYgen 
Column 2 
Freon 11 
Carbon dioxide 
Acetone 
Cyclohexane 
Methanol 
Ethyl Sulfide 
Water 
Isobutyl Acetate 
Toluene 
Allyl Alcohol 
Column 3 
Freon 11 
Cyclohexane 
Acetone 
Ethyl  Sul f ide  
Isobutyl  Acetate 
Tcluene 
Al ly l  Alcohol 
Concentration 
49 PW 
99% 
371 Ppm 
46 
19 
Elution Time 
1.65 
3 095 
7 07 
Peak Height-% - 
0 ‘5, 3 
0 01 
0 “-3 .1
M’hose values with superscripts have been automatically attenuated . 
attenuation has been employed f o r  number 2, while 225X attenuation has been 
employed f o r  number 3. 
l 5 X  
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TABLE 6 
ANALYSIS OF MIIITURE B A!T 5.0 ps ia  
Compound Concent ra t  i o n  Elut ion Time 
Hydro ge n 
oxygen 
Nitro ge n 
Me thane 
Carbon Eonoxide 
! 
Column 2 
Freon 11 
Carbon Dioxide 
Acetone 
Methanol 
Ethyl su l f ide  
Water 
Toluene 
297 Pm 
96% 
0.22% 
1.1 min 
1.6 
2 03 
50 Ppm 
50 
Freon ll 
Acetone 
Ethyl  su l f ide  300 
Toluene I 
1 1.7 min 7.9 
13 01 --_ 
~ ~~ 
Peak Height* 
1 . ~ ~ ~  
0.45, 
o.853 
0.123 
0.13 
Whose values with superscr ip ts  have been automatically attenuated. 
a t tenuat ion  has been employed f o r  number 2, while 225X at tenuat ion has  been 
employed f o r  number 3. 
l s X  
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6. RESPONSES TO APOLM ENVIRONMENT 
Two of the six GCAS units ,  produced under the spec i f ica t ions  of this 
contract,  were subjected t o  environmental tests designed t o  simulate con- 
d i t i ons  of the Apollo space c r a f t  environment during launch, f l i g h t  and 
reentry. 
storage and shipping environments. 
ducted i n  accordance with NASA contract NAS 9-2518, t e s t  process number 
B169.02. 
The two qual i f ica t ion  uni t s  were a l s o  subjected t o  several  
All environmental tests were con- 
F l i g h t  environment t e s t s  conducted were: 
a. Acceleration: 7 g accelerat ion f o r  5 minutes i n  the x plane, 
5.1 g accelerat ion for 5 minutes in the y and z plane, and 20 accelera- 
t i o n  f o r  20 minutes i n  the x plane. 
2 b. Vibration - Random vibration: 5-60 cps a t  ,006 g /cps t o  0.13 
g /cps; 60-200 a t  0.13 g /cps; and 200-2000 cps a t  0.13 g /cps t o  0.006 2 2 2 
g2/cps. 
Peak Vibration: 5-15 cps a t  0.3 g t o  2.0 g; 15-100 cps from 2 
g t o  11 g; and 100-2000 cps a t  11 g. 
C. Temperature: Cycled from -15%to +150%'. Temperature held a t  -1SOF 
f o r  12 hours and a t  +150°F for 96 hours. A nonfunctional t e s t  a t  200'F f o r  
15 minutes was a l s o  conducted. 
do E.M.I.: Tested f o r  radiation, conduction, & suscept ib i l i ty .  
e. Temperature - Humidity: 95% humidity over the temperature 
cycl ing from 35OF t o  150% for l-4 days. 
f .  Acoustics: 4.7 cps t o  9600 cps a t  l eve l s  from122 db t o  135 db 
2 
(0 db = 0.0002 dynes/cm ) . GCAS noise output was measured over the range 
of 300 t o  2000 cps w i t h  no noise generated i n  excess of 52 db. 
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. 
g, Hazardous gas: subjected t o  explosive atmosphere. 
h, Earth Impact: subjected t o  a shock pulse of 78 g f o r  11 m i l l i -  
seconds on a l l  axes, 
Storage and shipping t e s t s  performed, with the  u n i t  in a pro tec t ive  
cover (except a l t i t ude ) ,  were: 
a, Sand & dust, 
b. Rain - 0.6 inches of simulated r a i n  f o r  1 2  hours, 
C. S a l t  Spray - 20% s a l t  solution f o r  50 hours, 
d, Altitude-simulated 3Sy0O0-ft a l t i t u d e  f o r  8 hours with tempera- 
ture varying from -20°F t o  +140°F. 
Shock - 30-g l e v e l  f o r  11 milliseconds, e, 
No f a i l u r e s  o r  degradation of performance occurred during o r  after 
the  acceleration, temperature, a l t i t ude  acoustics, hazardous gas, sand 
R- dust, r a i n  and shock tests, 
Fai lures  incurred during vibrat ion tests resu l ted  i n  improved 
mechanical designs. 
Foaming w a s  added t o  the  amplifier cavity. 
shims were placed under the  helium sphere mount, and under the main chassis 
r a i l s  t o  lower t h e  resonant frequency ef fec ts ,  
Vir tual ly  a l l  spot  welds w e r e  replaced with r ive t s ,  
Rubber Wires were rerouted, 
The i n i t i a l  E,M.I, tests r e su l t ed  i n  failure during the  conducted 
and rad ia ted  tests, 
i n s t a l l e d  next t o  the  heater  control  board. The r e s u l t s  of the subse- 
quent t e s t  are noted i n  tab le  8. 
within spec if icat  ions , 
(See t ab le  7.) An RF'I f i l t e r  was designed and 
A l l  other E.M.I. t e s t s  were passed 
No f a i l u r e  of the  uni t  was noted during and after the salt spray 
test .  However, repeated f a i lu re  occurred during the  humidity t e s t  as a 
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TABLE 7 
€341 TEST DATA, GCAS S/N 3 
:onduc ted  
Measured 
DEXC 
91 
92 
92 
92 
92 
92 
91  
89 
86 
89 
71  
7 1  
70 
69 
64 
64 
64 
62 
60 
46 
30 
29 
29 
29 
29 
- - - 
0.15 
oe2 
0 e3 
Broadband "Jnducted Broadband Radiatec 
Specified Pleasured Specified Measure( 
DBMC DBMC DBMC DBMC 
115 153 77 69 
74 
75 86 
111 156 
106 156 3 
102 160 71.5 7 1  
99.2 160 70 78 
96 e 5  160 70 82 
94 e6 155 69.8 05 
69,8 E5 93 150 
90 145 
87 e 5  150 69-0 73 
84.7 13 7 - 0 
82.2 a4 - 0 
8 1  13 9 68.5 68 
A 68.1 68 
- - 
- 0 134 123 
119 - - 
116 67.3 76 
1u 67.0 52 
I l l  66.9 52 
104 - 0 
95 - - 
93 66.1 47 
93 - 0 v 93 - 0 
8 1  92 - - 
62.5 
60.3 
56.8 
l e0  
l e 2  
1.5 
l e 8  
2 e 4  
3 *O 
4.0 
4.8 
6 .4 
0 e7 30 .o 
0-8 I 48.8 
47 e o  
45 e 5  
L3 -8 
42 e 4  
40e8 
38 -2 
35*8 
34 e 5  
34-0 
8 ,O 
9 a 6  
L2 e o  
15 e o  
19eO 
21.0 
23 ,O 
A 
v 
25 eo 
60 .O 
L20 eo 
70 
TaBU 8 
EM1 TESL! DATA, GCAS S/N 5 (With F i l t e r )  
I 1 
Frequency 
(Mcs) 
0 015 
002 
0.3 
0 04 
0 05 
0.6 
0 a7 
Om8 
1.0 
1m2 
1.5; 
1.8 
2 04 
4 00 
4 *8 
6 04 
3 00 
N a r r o w  Bat 
Specified 
DENC 
62 m 5  
6003 
50.8 
54 a 5  
52.7 
51.2 
50.0 
46.8 
47 00 
45 05 
43 .8 
42.4 
40 a8 
35.8 
34 a 5  
34.0 . 
38.2 
8 .o 
9 -6 
12.0 
1900 
5 m O  
30 a 0  
Conducted 
DBFlC 
29 
36 
36 
34 
Me asure d 
A 
P 
34 .o 
- 
Broadband 
Specified 
DDIC 
115 
111 
~ 106 
102 
28 
3 1  
90 
87 a 5  
84 07 
82.2 
8 1  
25 
20 
13 
< o  V 
< o  8 1  I -  
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r e s u l t  of corrosion ac t iva ted  by s a l t s  deposits. 
were believed t o  have accrued during the s a l t  spray t e s t .  
e lec t ronic  boards were cleaned i n  water and dipped i n  humiseal. 
The salts depos i t s  
The af fec ted  
No e lec t ronic  components f a i l e d  a s  a d i r e c t  result of any environ- 
mental tes t .  
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7. s m a  
It has been Helpar's p r iv i lege  t o  perform under t h i s  contract  with 
the Manned Spacecraft Center on the  fabr icat ion of f l i g h t  qua l i f ied  gas 
chromatography systems f o r  use on the Apollo missions, 
an attempt has been made t o  cover ce r t a in  fundamentals of the system. 
This repor t  on the other hand i s  not  a l l - inclusive in the sense t h a t  it 
i s  redundant a s  f a r  a s  previous information submitted t o  NASA, Houston, 
i s  concerned. For instance, no attempt has been made t o  s ign i f i can t ly  
overlap the information contained i n  the ins t ruc t ion  manuals which a re  
submitted with each delivered unit .  
i n t o  the d e t a i l s  of the environmental t e s t  results and t h e i r  in te rpre ta -  
t ion,  
Engineering drawings and acceptance t e s t  data a l so  accompany each of the 
six un i t s  delivered. 
I n  t h i s  repor t  
Nor has an attempt been made t o  go 
These data a r e  t o  be given i n  a separate package by 1 May 1966, 
Melpar bel ieves  tha t  under t h i s  contract  it de f in i t e ly  advanced the 
s t a t e  of the a r t  in ar r iv ing  a t  a multipurpose, self-contained gas 
chromatographic system which meets the performance specif icat ions 
del ineated by the Manned Spacecraft Center. 
f l i g h t  qua l i f ied  and does conform t o  NASA Specif icat ions NPC 200-2 and 
NPC 200-3. Specif ic  components and c i r c u i t r y  t h a t  have been developed 
under t h i s  program include ( a )  a three-in-one cross-section ion iza t ion  
detector ,  (b )  de tec tor  switching c i rcu i t ry ,  ( c )  automatic zeroing c i r -  
c u i t r y  f o r  amplif iers  based on a d ig i t ized  output, (d)  two s teps  of 
automatic gain change c i rcu i t ry ,  ( e )  an oxygen hold c i r cu i t ,  ( f )  r e l i -  
ab le  sample in j ec t ion  valves, and ( g) an e f fec t ive  sol id-s ta te  programmer 
In addition, the unit i s  
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f o r  control l ing the  steps i n  the repetitive analyses. 
ponents i s  discussed i n  more d e t a i l  i n  the proper sect ions of t h i s  report ,  
Each of these com- 
Melpar has appreciated t h i s  opportunity t o  work with NASA personnel 
I t  wishes t o  acknowledge the on t h i s  Apollo Gas Chromatography program. 
assis tance of Mr. John Lem, NASA Project  Officer, i n  def ining desired 
funct ions of t he  s y s t e m  as  w e l l  a s  giving de f in i t i on  t o  spacecraf t  
i n t e r f ace  problems. 
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